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to the involvement of NO also in this pathological state, in
agreement with the high activity of iNOS found in neurons
affected by AD [3]. Interestingly, as a common denominator, in
both HaCmel+ and 7PA2 cells lactate levels increased with respect
to controls, being this effect higher in the AD cells. The Warburg
effect was evaluated in the presence of OXPHOS inhibitors showing
that cells are able to compensate OXPHOS failure by a glycolitic
burst; in the 7PA2 cells, however, the glycolytic increment appears
insufﬁcient to compensate for the energy failure as indicated by
the overall ATP deﬁcit.
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Programmed cell death (PCD) is a fundamental event for the
development of multicellular organisms. In mammalian cells,
early events in PCD involve the release of cytochrome c (Cc)
from mitochondria to the cytoplasm to act at the ﬁrst stages of
the apoptotic process, playing a key role in assembling the
apoptosome. In plants, PCD is part of a general process named
hypersensitive response, where Cc is also released into the cytosol
but its role in PCD remains veiled. Such highly conserved
cytoplasmic location of Cc upon apoptotic stimuli lead to think
of a common link for PCD in evolutionarily distant species, like
humans and plants. To better understand the role of Cc in the
onset of PCD in both humans and plants, a proteomic approach
based on afﬁnity chromatography with Cc as bait was used. Upon
combining this approach and Bimolecular Fluorescence Comple-
mentation (BIFC), a total of 8 humans and 9 plants new proteins
interacting with Cc under PCD were found [1,2]. These new PCD
Cc-partners are involved in protein folding, translational regula-
tion, oxidative stress, DNA damage, energetic and mRNA metab-
olism. Strikingly, some of the novel human Cc-targets are closely
related to those for plant Cc, indicating that the evolutionarily
well-conserved cytosolic Cc – appearing in organism from plant to
mammals – interact with a wide range of targets on PCD.
Modeling of the complexes between human and plant Cc with
its counterparts shows how the heme crevice of Cc takes part of
the complex interface in agreement with the vast majority of
known redox adducts of Cc. However, in contrast to the high
turnover rate of the mitochondrial Cc redox adducts, those
occurring under PCD lead to the formation of rather stable
nucleo-cytoplasmic ensembles, as inferred from Surface Plasmon
Resonance (SPR) and Nuclear Magnetic Resonance (NMR) mea-
surements. On the basis of these ﬁndings, we suggest that human
and plant Cc interacts with pro-survival, anti-apoptotic proteins
after its release into the cytoplasm. Then, Cc may interfere with
cell survival pathways and unlock PCD in order to prevent the
spatial and temporal co-existence of antagonist signals. This work
has been sponsored by the Spanish Ministry of Economy and
Competitiveness (BFU2012-31670) and the Regional Government
of Andalusia (BIO198).
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The TOB/SAM complex localized in the mitochondrial outer
membrane assembles mitochondrial β-barrel proteins into the
membrane. The group of β-barrel proteins includes crucial
mitochondrial proteins for example Tom40 (forming channel
within the TOM complex that is regarded as the gate into
mitochondria for imported proteins) and VDAC (of fundamental
signiﬁcance for metabolite transport across the outer membrane
of mitochondria). TOB/SAM complex is essential for the proper
function of mitochondria and consequently for cell functioning.
Interestingly, there are differences in the TOB/SAM complex
subunit organization as have been shown for representatives of
different phylogenetic lineages. The slime mold Dictyostelium
discoideum is recognized as being of particular value as a research
model for developmental biology and medicine. Importantly, life
cycle of D. discoideum offers an unparalleled variety of phenotypes
to study as different unicellular and multicellular stages and
multiple cell types occur within the life cycle of the organism.
Here we present our results concerning the TOB/SAM complex of
unicellular form of D. discoideum (myxamoebae). The results of BN
(blue native gel) and 2D SDS-PAGE suggest that molecular mass of the
complex is about 250–350 kDa and the complex may be present in
two forms. Experiments performed by black lipid membrane (BLM)
technique indicate that the complex displays channel activity.
Proteomic screening of D. discoideum mitochondrial outer membrane
proteins by nanospray liquid chromatography tandem mass spec-
trometry (LC–MS/MS) allowed us identiﬁcation of Tob55/Sam50
protein. The protein is an essential subunit of the complex of different
organisms and belongs to β-barrel proteins able to form channels.
Interestingly, using antibody against the protein N-terminus we
observed its two forms in mitochondria. Accordingly, PCR products
labeled with a ﬂuorescent probe indicate the presence of two forms of
the encoding gene. Results of bioinformatics analysis allowed us for
identiﬁcation of a putative second subunit of the complex that reveals
sequence similarity with human metaxin. Further studies of the TOB/
SAM complex subunit organization in cell representing different stages
of D. discoideum life cycle are important to get the data concerning the
involvement of the complex in processes decisive for a cell functional
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Leber hereditary optic neuropathy (LHON) is a mitochondrial
genetic disorder characterized by a progressive bilateral optical
atrophy. The disease is caused by mutations resulting in single
amino acid exchange in one of the mitochondrially-encoded ND
subunits of NADH:ubiquinone oxidoreductase, the ﬁrst complex of
the electron transport chain [1]. As reported in the literature, all
LHON mutations lead to an impairment of mitochondrial function.
Extensive biochemical studies on patient's tissues and cell models
of the disease showed decreased respiration, overproduction of
reactive oxygen species (ROS) and increased propensity to
apoptotic cell death [2, 3, 4]. Mitochondrial respiration defects
and increased ROS production were conﬁrmed more recently in a
mouse model of LHON [5]. We examined the role of nitric oxide, a
master regulator of mitochondrial function, and hypoxia on cell
viability and bioenergetics of lymphoblastoid cells from patients
carrying the most frequent mutation 11778/ND4. Results indicate
that, compared to controls, cells carrying the pathogenic mutation
are more susceptible to nitrosative stress, while looking better
adapted to hypoxia.
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The paradigmatic view on the Ca2+-regulation of OXPHOS is that
Ca2+cyt after its uptake by the mitochondrial Ca2+ uniporter activates
matrix dehydrogenases. However, we have shown that Ca2+cyt
activates the glutamate/malate as well as the glycero-3-phosphate
(G3P)-dependent OXPHOS of isolated brain mitochondria (BM) by
more than 300%. In contrast the OXPHOS capacity with pyruvate/
malate increases under the same conditions by 15% only [1]. The
strong activation of state 3Glu/Mal and state 3G3P by Ca2+cyt is realized
via aralar, the glutamate–aspartate carrier and the mtG3PDH. Both
enzymes have regulatory Ca2+ binding sites at the mitochondrial
surface making their activity Ca2+cyt sensitive. Both enzymes are
central components of the malate aspartate shuttle (MAS) and G3P
shuttle (G3PS). With reconstituted systems we now demonstrate at
BM that Ca2+cyt also controls the activity of G3PS similar as shown
before for the MAS [1]. Both shuttles are metabolically connected
with the oxidizing reactions of pyruvate formation via their common
substrate couple NADH/NAD+. We called this mechanism “mito-
chondrial gas pedal” [2]. We now further demonstrate the existence
of the gas pedal in intact synaptosomes: The Ca2+-chelating agent
BAPTA-AM decreases (i) the Ca2+cyt from 76 ± 11 nM to 15 ± 11 nM,
(ii) the glucose/lactate dependent respiration by 47%, and (iii) the
cytosolic pyruvate concentration by 40%. The inhibition of respiration
can be reversed by pyruvate additions although the Ca2+cyt remains
low, indicating that Ca2+cyt controls the mitochondrial substrate
supply via the rate of pyruvate formation causing variations of
cytosolic pyruvate concentrations.
Comparing BM isolated from different brain regions with
varying relative neuron content we found that the MAS-driven
gas pedal is a typical property of neurons and occurs not in
astrocytes. In contrast the G3PS-driven gas pedal is a typical
property of astrocytes but occurs also in neurons. This difference
is a consequence of varying enzyme pattern in neurons and
astrocytes as well as in their mitochondria. Astrocyte mitochon-
dria take up glutamate via the glutamate carrier but neuronal
mitochondria use aralar for that. Based on these ﬁndings we are
able to assess typical neuronal and astrocytic properties in BM
isolated from brain regions of neurodegenerative model animals.
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